OBJECTIVEdIndividuals with diabetes have an excess mortality compared with people without diabetes. This study used a national cohort of older Spanish adults to identify possible factors explaining the relation between diabetes and excess mortality.
S
everal investigations have demonstrated higher mortality in diabetic than in nondiabetic subjects (1) (2) (3) (4) (5) . However, few such studies have examined the extent to which mortality risk factors are responsible for this difference (6) . Some authors who have investigated this issue have concluded that aggressive intervention measures are needed in individuals with diabetes to reduce the frequency of risk factors that increase their risk of mortality in comparison with those without diabetes (7, 8) .
Interventions on risk factors may reduce the absolute risk of mortality in diabetic patients, as has been observed with the strict control of blood pressure in diabetic individuals with hypertension (9, 10) . However, such a recommendation does not take into account the findings in other population groups where it has been observed that the presence of some risk factors is not always associated with an increased risk of mortality. This is the case in some studies of the elderly, showing that obesity is associated with a reduced risk of mortality (11, 12) .
The objective of this study was to assess the association between diabetes and mortality over 8 years of follow-up in one of these cohorts of older adults and to identify possible mortality risk factors that explain this relation.
RESEARCH DESIGN AND METHODS

Study participants and design
A national sample of 4,008 people, representative of the noninstitutionalized Spanish population $60 years of age, was selected between 1 October 2000 and 31 March 2001 and was followed prospectively up to 31 October 2008. At baseline, subjects were selected using probabilistic sampling with multistage clusters. The clusters were obtained according to region of residence and size of municipality. Census sections were then chosen randomly within each cluster, and the households where information was finally obtained from the subjects were chosen within each section. Study participants were selected in age and sex strata. The study response rate was 71%. Baseline information was collected in the home through personal interviews and physical examination by trained and certified personnel. Full details of participants and measurements have been reported previously (13) . Informed consent was obtained in writing from each study participant and from an accompanying family member. The study was approved by the Clinical Research Ethics Committee of La Paz University Hospital in Madrid, Spain.
with information on the vital status of all residents in Spain. Up to 31 October 2008, the vital status of 3,991 individuals (99.6% of the cohort) had been identified; 1,742 subjects were between 60 and 69 years of age, 1,451 were between 70 and 79 years of age, and 798 were $80 years of age. A total of 972 deaths occurred during this period.
At baseline, subjects were shown a list of various chronic diseases and were asked whether a physician had ever told them they had any of them; respondents replied yes or no for each disease. The questionnaire also included a question in which study participants were asked to show all the medications they were taking at the time. Subjects were considered to have diabetes if a physician had diagnosed them with diabetes or if they were on insulin or oral antidiabetic medications.
We collected baseline information on risk factors related to lifestyles shown to be associated with mortality in the literature. Included in the analysis were social network, lifestyles (smoking, alcohol consumption, physical activity, and diet), obesity, hypertension, and dyslipidemia. Other baseline variables used in the analyses were age, marital status, education, social class based on occupation, frequency of visits for medical consultation, and current treatment with several medications.
Social network was evaluated by the frequency with which the respondent saw family members or friends and was grouped into the following categories: daily or almost daily, once or twice a week, and less often. With regard to smoking, subjects were classified as never smokers, former smokers, or current smokers. Individuals were also asked to state which of the following alternatives best reflected their alcohol consumption frequency: never drinker, former drinker, occasional drinker, or regular drinker. For leisure-time physical activity, participants were classified into three categories: none, occasional, and regular. Subjects were also asked about their weekly intake of fruit, vegetables, and olive oil, each of which was grouped into three categories according to frequency of consumption: daily, one or more days per week, and less than once a week.
Information on obesity and hypertension was obtained by physical examination. BMI was calculated as weight divided by height squared. Participants were considered to be obese if they had a BMI $30 kg/m 2 , and to have abdominal obesity when waist circumference was .102 cm in men and .88 cm in women. They were deemed to be hypertensive when their systolic blood pressure was $140 mmHg or their diastolic blood pressure was $90 mmHg, or if they were on current antihypertensive drug treatment. Study participants were also asked if a physician had told them that they had high (blood) cholesterol. Subjects were considered to have dyslipidemia if they answered this question in the affirmative or if they were taking cholesterol-lowering medications. The presence of cardiovascular disease and cancer was also included in the analysis. Information on heart disease, stroke, and cancer was self-reported based on the abovementioned list of chronic diseases. Marital status was categorized as married, widowed, or single/divorced. Education level was grouped into three categories based on the highest education level attained: low (illiterate individuals and those who did not complete primary education), medium (completed primary education), and high (completed secondary or higher-level education). Occupational social class was grouped into three categories: nonmanual workers (professionals, managers, proprietors, and clerical workers), manual workers (skilled and unskilled), and farm workers. For women who never had paid employment, .75% of this cohort, the social class was estimated from their husband's occupation.
The frequency of visits for medical consultation was grouped into two categories: at least once a month and less than once a month. We also considered whether or not subjects were currently being treated with statins, angiotensin II antagonists, or aspirin. Control of hypertension was also analyzed. Control was defined as pharmacological treatment of hypertension associated with systolic blood pressure ,140 mmHg and diastolic blood pressure ,90 mmHg.
Statistical analysis
Mortality analyses were conducted with Cox regression, and the main results were summarized with hazard ratios (HRs) and their 95% CIs. We first evaluated the association between risk factors and cardiovascular disease and 8-year mortality, in men and women. We then estimated the association between these risk factors and mortality in individuals with and without diabetes. Likelihood ratio tests were used to assess whether the results differed by sex or presence of diabetes.
For this purpose, we used the change of deviance to assess the possibility of interaction between sex and each risk factor (or between diabetes and each risk factor), by comparing the model without interaction with a model containing the appropriate interaction term. We also assessed whether the associations in diabetic and nondiabetic people depend on sex.
We then evaluated the association between diabetes and mortality using Cox regression models. Basic Cox models were adjusted for age, marital status, education level, occupational social class, medical consultation, and current treatment with statins, angiotensin II antagonists, or aspirin. We subsequently adjusted for each of the following variables: social network, diet, other lifestyle risk factors, obesity, hypertension, dyslipidemia, heart disease, stroke, and cancer. Finally, models were adjusted for all covariates together.
In 2003, an attempt was made to contact the subjects again, and this was successful in 3,235 cases. The association between diabetes and mortality was also evaluated in these subjects, and the information obtained during follow-up was incorporated into the models.
RESULTSdTable 1 shows the association between the risk factors and chronic diseases and mortality. A higher risk of mortality was observed, either in men, women, or both sexes, among those who less frequently saw family or friends, who were smokers or had ever been smokers, who were sedentary, who did not consume vegetables, fruit, or olive oil at least once a week, who had hypertension, or who had any of the chronic diseases investigated. Physical activity and heart disease were associated with mortality in women, but not in men, whereas olive oil consumption was associated with mortality in men, but not in women. Occasional drinking and general obesity were associated with a reduced risk of mortality in both sexes.
The association between the risk factors and chronic diseases investigated and mortality in people with and without diabetes is presented in Table 2 . Due to the small number of subjects, the risk factor categories were collapsed. The mortality HRs for most risk factors and chronic diseases were similar in people with and without diabetes, but mortality HRs for dyslipidemia and for stroke were different in each group, with evidence of statistical interaction (P , 0.05). In both diabetic and nondiabetic individuals, mortality HRs for most risk factors were similar in men and women, with the exception of heart disease in individuals with diabetes and physical activity in those without this disease; in both of these cases, the association was stronger in women than in men.
There were statistically significant differences between diabetic and nondiabetic subjects in the frequency of medical consultation and in current treatment with statins and angiotensin II antagonists. About 53.1% of individuals with diabetes visited the physician at least once a month versus 35.0% of nondiabetic individuals. The frequency of treatment with statins and angiotensin II antagonists in diabetic patients was 19.2 and 10.1%, respectively, compared with 9.9 and 4.4% in those without diabetes. Statistically significant differences were also seen in adequate control of hypertension, which was 27.6% in diabetic versus 33.5% in nondiabetic individuals. In contrast, no statistically significant differences between those with and without diabetes were observed with respect to treatment with aspirin (16.7 and 15.0%, respectively).
The distribution of risk factors and chronic diseases in individuals with and without diabetes is shown in Table 3 . In men, the distribution of most of the risk factors at baseline did not differ significantly between the two groups (P . 0.05), except for smoking, obesity, hypertension, and dyslipidemia. In women, the risk factor distribution was significantly different for alcohol consumption, weekly vegetable consumption, weekly olive oil consumption, obesity, hypertension, and dyslipidemia. The prevalence of the chronic diseases investigated was higher in diabetic than in nondiabetic individuals, although the differences were not significant (P . 0.05) for cancer in men and for stroke in women.
In men, the age-adjusted mortality rates per 100 person-years throughout the follow-up period was 5.7 in diabetic subjects and 3.3 in those without diabetes, whereas the comparable rates in women were 4.6 and 2.6, respectively. Table 4 presents the multivariable association between diabetes and mortality adjusted for the different risk factors and chronic diseases. The mortality HR in diabetic versus nondiabetic individuals in the basic model, adjusted for age, marital status, education level, occupational social class, medical consultation, and treatment with statins, angiotensin II antagonists, or aspirin, was 1.40 (95% CI 1.11-1.76) in men and 1.70 (1.37-2.10) in women. In men, the magnitude of the HR changed little or not at all with respect to those in the basic model, except after adjusting for stroke, when it decreased to 1.34. In women, the HR also changed little, except after adjusting for diet, when it increased to 1.78. The fully adjusted HR for mortality in diabetic versus nondiabetic subjects was 1.43 (1.12-1.82) in men and 1.67 (1.34-2.08) in women. CONCLUSIONSdIn this national cohort of older adults in Spain, we found that the HR for mortality in diabetic versus nondiabetic subjects was 1.40 in men and 1.70 in women. Adjustment for all risk factors and for baseline cardiovascular disease and cancer produced little change in the magnitude of these HRs, which suggests that the excess mortality in individuals with diabetes cannot be explained by the risk factors and diseases studied. Visiting with friends or relatives, smoking, frequency of alcohol consumption, physical activity, frequency of consumption of vegetables, fruit, and olive oil, obesity, hypertension, heart disease, stroke, and cancer are predictors of the risk of mortality in both men and women. The association between risk factors and mortality was not significantly different between diabetic and nondiabetic individuals, except for dyslipidemia and stroke.
Various studies have found a higher risk of mortality in diabetic than in nondiabetic, older adults (2, 3, (14) (15) (16) (17) . Like the results observed in the entire cohort of our study, most, but not all, studies (3) have found that the excess mortality risk in diabetic subjects is higher in women than in men. The reasons for this are unknown, although some authors attribute this finding to a higher prevalence of mortality risk factors in diabetic women than men or to less aggressive medical management in diabetic women (1, 18) . Our findings do not support the explanation about the different prevalence of risk factors, because adjustment for mortality risk factors barely modifies the magnitude of the HR in either sex.
In the estimates for subjects who provided information in 2003, the excess mortality risk in diabetic men was higher than in diabetic women. This result can be attributed to the different proportion of people with diabetes who died before the new stage of data collection: 30% of men and 41% of women. Thus, the proportion of deaths in diabetic individuals in the remaining follow-up time was higher in men than in women.
Several studies have assessed the mortality risk associated with lifestyles and other health-related risk factors in cohorts of diabetic patients (2, (19) (20) (21) (22) (23) . The results of these investigations were unable to determine which factors are responsible for their excess mortality risk. The few studies conducted to identify these possible factors have yielded findings similar to ours; the risk factors do not explain the difference in mortality between diabetic and nondiabetic subjects (6) (7) (8) 24, 25) . In our study, the greatest reduction in the magnitude of the HR was observed when we adjusted for lifestyles in women, but the reduction was little more than 7% (from 1.70 to 1.65) in the analysis of the entire cohort and 17% (from 1.60 to 1.50) in the analysis of the subjects who also provided information in 2003. This reduction was due to physical activity, since adjustment for smoking or for alcohol consumption barely changed the magnitude of the HR in the basic model (data not shown).
Also, the observed prevalence of risk factors is not always higher in diabetic than nondiabetic subjects (7, 8, 24, 25) . Similar to previous studies, we found that the prevalence of smoking does not differ between the two groups or is lower in diabetic individuals. Likewise, a previous study did not show differences between diabetic and nondiabetic individuals in dietary habits (8) . In our study, people with diabetes show a more favorable risk profile with respect to dietary habits than those without the disease; consequently the HR did not decrease but rather increased slightly in men and especially in women after adjusting for diet.
Because the observed associations between risk factors and mortality do not differ significantly in people with and without diabetes, intervention measures to reduce mortality risk factors should not be more beneficial in relative terms in diabetic than in nondiabetic individuals. Some evidence in this regard has been observed in the case of hypertension control. Specifically, a meta-analysis showed that the reduction of mortality and cardiovascular events with strict control of blood pressure did not differ between diabetic and nondiabetic subjects (10). Something similar occurred in our study; even though diabetic subjects had poorer control of hypertension than those without diabetes, adjustment for the indicator of blood pressure control did not change the results (data not shown).
As expected, the prevalence of obesity was higher in diabetic subjects, but adjustment for obesity led to a slightly higher rather than lower mortality HR. This occurred because obesity was not associated with mortality in individuals with diabetes, but it was associated with a lower risk of mortality in nondiabetic individuals. These results are not surprising given the lack of clear evidence on the association between obesity and mortality (11) or between weight loss and mortality (26) (27) (28) (29) (30) . This possible protective effect of obesity in nondiabetic Spanish elders has been found only for general obesity, also observed in other older populations (11), since in our study central obesity was not associated with mortality.
Likewise, some studies have shown that high levels of serum cholesterol in older people are associated with a reduced risk of mortality (31, 32) . In our study dyslipidemia was also associated with a lower risk of mortality in nondiabetic subjects. Although the prevalence of dyslipidemia was higher in subjects with diabetes, adjustment for dyslipidemia did not alter the magnitude of the HR in the analyses.
The interpretation of our results should take into account that our study deals with prevalent and not incident cases of diabetes. A systematic review of observational studies (15) reporting mortality in diabetic patients, diagnosed with type 2 diabetes over the age of 60, showed a lower association between diabetes and mortality than in the present study. Moreover, we cannot rule out a selective survival bias related to diabetes since diabetic patients who reach older ages may have better health than those who die prematurely. Accordingly, the magnitude of the HR obtained in this study may be underestimated.
In 2009, the participants were contacted again. Around 13% of subjects who did not have diabetes at baseline had developed diabetes. This circumstance probably contributed to an underestimate of the magnitude of the HR, since in the analysis, these subjects were considered not to have diabetes.
In our study, there might have been certain misclassification of diabetes, since it was based on reported information and not on an objective test of glycemia or oral glucose overload. Some patients may not have recognized their diabetic condition and may have been classified as nondiabetic. This misclassification would be presumably nondifferential with respect to mortality since the proportion of individuals misclassified on exposure (diabetic vs. nondiabetic subjects) is independent of future mortality risk. As a consequence, the mortality HR in diabetic versus nondiabetic individuals may have been underestimated because the latter group may contain diabetic subjects incorrectly identified as nondiabetic. In any case, it has been observed that self-reported diabetes is reasonably reliable as a surrogate for diagnosed diabetes (33, 34) .
On the other hand, an investigation that analyzed the information obtained in 97 prospective studies found an association between increased mortality and levels of fasting glucose and a substantial attenuation of the association between diabetes and mortality when adjusted for fasting glucose and markers of glycemia (6) . The lack of information on these variables in our study is one of its limitations. Several risk factors as well as the presence of disease were obtained from patient reports. Since we are unable to rule out the existence of information bias in the measurement of these variables, it is impossible to assure that all variables have been adequately controlled for confounding. It should also be noted that most risk factors were classified using broad categories and/or measuring only one aspect of the risk factor. As a result, the contribution of some risk factors to the explanation of the association between diabetes and mortality may have been underestimated. Nonetheless, when some measures, such as BMI, were disaggregated into various categories, the results were similar. Other measures, like visits with friends or relatives, could not be disaggregated, but it is unlikely that separating "daily" and "almost daily" would modify the findings.
In addition, it should be noted that Spain has one of the highest rates of physician consultations per person and per year with respect to the countries of Western Europe (35) . Likewise, we have found a low frequency of treatment with statins and angiotensin II antagonists in diabetic patients. Spain is a Mediterranean country with low cardiovascular risk, and perhaps the Spanish physicians prescribe drugs based on the absolute risk reduction rather than on the relative risk reduction; although we must not exclude the possibility of a low market penetration of these drug treatments. In any case, the low levels of such treatments raise uncertainty in the generalization of our results to other populations.
We were unable to estimate the association between diabetes and mortality from specific causes of death because the National Death Index does not contain information on the cause of death. However, what is most important with regard to prognosis in diabetic patients is survival. Moreover, most deaths are due to cardiovascular diseases or cancer (1, 4, 15) , and we have adjusted for important risk factors related to these diseases.
In conclusion, in older Spanish adults, diabetic individuals have a higher risk of mortality than those who do not have diabetes. This excess risk cannot be explained by mortality risk factors, cardiovascular disease, or cancer. This suggests that the excess mortality could not be explained by traditional risk factors alone. xThe models that added covariates to the basic model showed better fit to the data than the baseline model since the reduction of deviance was significant in all cases. The model that showed the least deviance was the model that included all the covariates. *Basic model includes age, marital status, social class, education level, medical consultations, and treatment with statins, angiotensin II antagonists, and aspirin. **This model includes lifestyles and chronic diseases collected at both stages and the rest of variables collected at baseline stage only.
